A sensitive target binding assay has recently been shown to detect natural killer (NK) cells in the mouse.
loney cell surface antigen (MCSA), gp7l, p30, H-2, and NK-TS were localized in distinct fractions of gels. The NK-TS bound to concanavalin A-Sepharose columns and could be eluted with the specific sugar, suggesting that the target structures may be glycosylated. NK-TS molecules could not be detected in gels of NK-insensitive target cells such as P815, A9HT, YWA, or EL-4. The quantity obtained from the gels varied directly with the NK sensitivity of YAC which is more sensitive when grown in vitro than when grown in vivo. The NK-TS molecules specifically inhibited the binding of NK cells but not alloimmune T cells to their appropriate targets. Additional NK-sensitive tumor cells also expressed some or all of the target molecules exhibited by YAC. Some of these structures shared specificities in the case of MPC-11 or were unique in the case of Molt4 and K562, as shown by cross-inhibition studies. These results suggest that NK-sensitive cell lines express distinct target structures with possible relevance to natural tumor resistance. Natural killer (NK) lymphocytes have been shown to play an important role in tumor resistance in vivo (1) , and yet little is known regarding the nature of the recognition structure or the target sites involved in the target-effector interaction. Previous work has shown that various unlabeled competitor cells could inhibit isotope release from labeled target cells, and from this observation it was inferred that the target and competitor shared common determinants that were recognized by surface receptors on the NK cell (2, 3) . In the present report we describe the isolation of the target molecules from several NK-sensitive tumor cells.
MATERIALS AND METHODS Tumor Cell Lines. YAC, YWA, and YDAG are Moloney leukemia virus-induced lymphomas of A/Sn, A.SW, and (A/Sn X DBA/2)F1 mice, respectively; P815 is a methylcholanthrene-induced mastocytoma of DBA/2 mice; EL-4 is a benzopyrene-induced T-cell lymphoma of C57BL/6 mice; MPC-1l is a mineral oil-induced plasmacytoma of BALB/c mice; A9HT is a fibroblastic L-cell derivative of C3H mice selected for high tumor incidence; Molt-4 is a human T-cell line from a patient with acute lymphatic leukemia; K562 is a human myeloid leukemia line from a patient with chronic myelogenous leukemia.
Target-Binding Cell (TBC) Assay. Lymphoid cells that had been depleted of erythrocytes by hypotonic shock and passed over nylon wool columns were labeled with fluorescein isothiocyanate, mixed with a 10-fold excess of target cells, and centrifuged as described in detail elsewhere (4 [1] [2] mCi (1 Ci = 3.7 X 1010 becquerels) of Na'25I by the lactoperoxidase method as described (5) .
Detergent Extraction of Cells. Iodinated tumor cells at a concentration of 2 X 108/ml were incubated for 2 hr at 370C in extraction medium containing 4 mM Triton X-100 (0.25%), 1 mM 2-mercaptoethanol, 1 mM phenylmethylsulfonyl fluoride, and 0.02% sodium azide as described in detail elsewhere (5) . Cells were centrifuged at 48,000 X g for 1 hr at 40G and the supernatants were used for gel electrophoresis or lectin affinity chromatography.
Sodium Dodecyl Sulfate (NaDodSO4)/Polyacrylamide Gel Electrophoresis. The Tritron X-100 solubilized and reduced proteins were electrophoresed in 0.1% NaDodSO4 by a modification (5) of the method of Laemmli. After electrophoresis, the gel slabs were washed in balanced salt solution under conditions that removed most of the detergent but little if any protein (5) . Lanes containing cell extracts or molecular weight standards were cut vertically and stained for protein with Coomassie brilliant blue R-250. Additional lanes containing cell extract were sliced horizontally into 3-mm sections, and the gel slices were added to small tubes and macerated in the presence of 0.15 ml of balanced salt solution. Tubes were incubated for 24 hr at 40C, and the supernatants were then used as a source of antigenic material.
Inhibition of Antiserum Cytotoxicity. YAC cells were used as targets in a macroassay as described (6) . Mouse anti-MCSA antiserum was produced in (A X C 57BL) F1 by three to six injections of irradiated [6000 R (1.55 coulombs/kg)] YAC lymphoma cells. Anti-H-2a antiserum was produced by immunizing A.SW mice with normal strain A/Sn cells as described (6) . This antiserum was used to detect H-2d antigen in gels of P815 or YAC cells. A/Sn anti-C57BL/6, (C57BL/6 X DBA) F1
anti-ASW, and (ASW X C57BL/6) F1 anti-CBA antisera were used to detect H-2b, H-2s, and H-2k antigens in gels of EL-4, YWA, and A9HT, respectively. Monospecific goat antiserum to Friend virus virion envelope glycoprotein (gp7l) as well as purified Friend virus gp7l was kindly provided by W. Shafer (Max-Planck-Institut fur Virusforschung, Tubingen, West Germany) and the goat antiserum to Rauscher leukemia virus virion core protein (p30) serum, by D. C. Fish (Frederick Cancer Research Center, Frederick, MD). These anti-viral antisera did not react with normal lymphocytes or control cell lines and were completely inhibited by the corresponding purified protein (7) .
Six to 10 3-to 5-fold dilutions of gel supernatant material were added to antiserum dilutions that gave 60-90% killing. Antigenic units were expressed as the reciprocal dilution corresponding to 20% inhibition.
Lectin Affinity Chromatography. Nonidet P-40 extracts of YAC or P815 cells were applied to Sepharose 4B derivatives of concanavalin A (Pharmacia, Sweden) as described by Siegert et al. (6) . Bound glycoproteins were eluted with 0.1 M amethyl-D-mannoside. Column eluates were treated with BioBeads SM-2 (BioRad) to remove excess detergent. Pooled fractions were concentrated with Millipore immersible membranes.
RESULTS
The serologically determined antigenic profiles of various solubilized surface determinants on YAC cells are shown in Fig.  1 . The reduced Moloney cell surface antigen (MCSA) migrated as three molecular species in NaDodSO4/polyacrylamide gels with apparent Mr values similar to the 50,000-60,000, 90,000, Location of NK cell target structures (NK-TS) in NaDodSO4/polyacrylamide gels. Triton X-100 solubilized and reduced proteins from YAC cells were electrophoresed in 8% NaDodSO4/ polyacrylamide gels. Proteins were stained with Coomassie blue or were removed from individual gel slices and all fractions were assayed for antigenic activity by the inhibition of antiserum-mediated cytotoxicity (bars). The numbers above some bars refer to values of antigenic units that are off the scale. In addition, proteins from each fraction were tested for their capacity to inhibit binding of NK cells (nylon-passed spleen cells from CBA mice) to intact YAC (0) or binding of alloimmune T cells to YDAG targets expressing the appropriate H-2 specificity (0). The T cells were derived from carbonyl iron-treated peritoneal exudate cells of CBA mice immunized with DBA/2 spleen, thymus, and liver 13 and 180,000-190,000 previously reported (5). The major peak of a viral envelope constituent, gp71, occurred in the region of Mr 68,000-78,000 with a minor crossreacting peak between 40,000 and 48,000 that may represent gp45 as suggested earlier (5) . The virion core protein, p30, was detected as a single minor peak in the expected region whereas H-2a antigen consisted of two peaks as previously noted for this particular cell line (5) .
Each fraction was also tested for its ability to inhibit the attachment of NK cells to YAC target cells. As shown in Fig. 1 , three major peaks of inhibitory activity were found in the Mr region >100,000. The mean Mr values from several such experiments in 8, 10, and 12% gels were 130,000 (120,000-140,000), 160,000 (150,000-175,000), and 240,000 (220,000-260,000). The material in these peaks, called "natural killer target structures" (NK-TS), did not contain detectable MCSA, gp7l, p30, or H-2a antigen and did not inhibit the binding of alloimmune T cells to YDAG, an NK-insensitive target. As shown in Fig. 2 , the NK-TS material inhibited in the TBC assay in a dose-dependent manner, and as little as 1.0 ig of protein per 105 cells from fraction 5, 11, or 15 caused significant inhibition. In contrast, equivalent or 20-fold higher amounts of H-2 antigen (fraction 31) or purified gp7l did not inhibit the frequency of TBC. It is important to note that the anti-gp7l used in these experiments also reacted with MLV and the purified gp7l completely inhibited the cytotoxicity of mouse anti-Moloney lymphoma serum tested against A9HT cells (8) .
The peaks of NK-TS in NaDodSO4/polyacrylamide gels corresponded to weakly stained protein bands ( Fig. 1 ) and in preliminary experiments (not shown) these bands also corresponded to peaks of radioactivity. This raised the possibility that the NK-TS may be composed of externally exposed surface proteins because cell surfaces were labeled with 125I prior to solubilization. In further experiments (Table 1) , spleen cells from CBA mice absorbed 10-fold more radioactive protein from the NK-sensitive line (YAC) than from an NK-insensitive line (P815). In addition, the YAC but not the P815 extract inhibited the frequency of spleen cells binding to intact YAC. These results suggest that the NK-TS may bind to the NK cell. Absorption experiments showed that 2 X 106 nylon-passed spleen cells from highly NK-reactive CBA mice were required to absorb 50% of the NK-TS from pooled YAC gel peaks compared to 19 X 106 cells from A/Sn, a less-reactive strain. Because the CBA mice have a 4-fold greater frequency of NK cells than do A/Sn mice (9), they would be expected to absorb more NK-TS. Fig. 1 As shown in Fig. 3 , the inhibitory activity in Nonidet P-40 extracts of YAC was retained on concanavalin A-Sepharose columns and could be eluted with a-methyl-D-mannoside. Material from the NK-insensitive line, P815, that was retained on columns did not inhibit the binding of NK cells to intact YAC targets. These results suggest that the NK-TS may be glycoprotein.
As shown in Fig. 1 , the peaks of NK-TS did not inhibit the binding of alloimmune T cells to the relevant NK-insensitive target cell. In the reciprocal experiment, however, the major H-2 antigen fraction from this gel, but not the NK-TS, did inhibit the alloimmune binding, which might be expected because YAC (A/Sn) shares H-2 specificities with the YDAG (A/Sn X DBA/2) target cell used in this experiment. Similar results were obtained in several additional experiments using T cells with different H-2 specificities (data not shown). These results suggested that the NK-TS material from the gels was specific for NK cells. It is well documented that YAC cells cultured for prolonged periods in vitro are more sensitive to NK-mediated binding and lysis compared to the ascites form (3, 9, 10). As shown in Table  2 , Triton X-100 extracts of YAC cells grown in vitro contained more inhibitory NK-TS material than did extracts from YAC passaged in vivo for 1 or 50 generations. Upon titration, all three peaks from in vitro YAC contained greater than 10-fold more NK-TS activity than did the peaks from ascites YAC. These quantitative differences in the NK-TS correlated well with the sensitivity of these same sublines to NK-mediated lysis. Furthermore, those sublines low in the quantitative expression of NK-TS also competed less well in inhibition assays with unlabeled target, as expected.
P815, EL-4, A9HT, and YWA all were NK-insensitive targets that were not bound or lysed. These lines did not contain detectable material that would inhibit the binding of NK cells to intact YAC targets in several separate experiments (Fig. 4) . However, NK-sensitive targets of diverse origin exhibited similarities in their target structure, sharing some but not all of the target molecules. For example, the two human lines K562 and Molt-4 expressed one and two of the lower molecular weight peaks, respectively. MPC-lI, a mouse line of B-cell origin, expressed one peak with slightly higher mobility than the 130,000 YAC peak. Cell lines with greater similarity to YAC, such as 136-6 (a radiation leukemia virus-induced murine lymphoma), expressed three identical peaks (data not shown). As shown in the cross-inhibition experiments in Fig. 5 , Molt-4 and K562 shared specificities as did YAC and MPC-il but neither of these two groups crossreacted with each other. These results suggest that NK cells recognize more than one specificity. DISCUSSION These results suggest that NK-sensitive cells, but not NK-insensitive cells, contain one to three distinct cell surface molecules that bind selectively to a putative "recognition structure" on NK cells. These target molecules, NK-TS, have been solubilized and isolated.
The NK-TS on YAC were solubilized with Triton X-100 and Nonidet P-40 and, in the reduced form, may consist of several molecular species tentatively assigned molecular weights of 130,000, 160,000 and 240,000 based on electrophoretic mobilities in NaDodSO4/polyacrylamide gels. The actual relationship of these multiple molecular weight forms in the intact membrane awaits further analysis. P815, A9HT, and EL-4 did not contain detectable levels of NK-TS and were insensitive to NK binding or lysis whereas-YAG from ascites contained significantly less NK-TS than did the more sensitive form of YAG grown in vitro. It should be noted that the sensitivity of EL-4 may depend on the strain of mouse used or the subline of EL-4 because this line is sensitive in some laboratories but not in others. Additional experiments showed that MPG-li, K562, and Molt-4 expressed molecules of molecular weights similar to some of those of the YAG NK-TS and, in cross-inhibition tests, the NK-TS from MPc-ll crossreacted with YAG whereas NK-TS from Molt-4 and K562 formed a noncrossreacting group with YAC and MPG-il. These results suggest that the NK cell recognizes more than one specificity.
The data presented here suggest that the NK-TS recognized by some strains may be unique because it did not possess de- terminants common to gp7i, MCSA, p3o, or H-2. This provides the first direct evidence that, in some instances, the NK-TS may not be related to murine leukemia virus products. Although all possible viral cell surface proteins were not tested here, the molecular weights are clearly different and several lines of indirect evidence also support the conclusion. There was no correlation, in 11 different cell lines, between expression of virion gp7l, p30, p15, or p12 and sensitivity to NK cell-mediated lysis by GBA mouse spleen cells (ii). In addition, immunoresistant sublines of YAG selected for low expression of MGSA (7) were equally sensitive to NK cells (11) . In further studies, NK-sensitive human cell lines were superinfected with xenotropic murine leukemia virus and were shown to express virion gp7l, p30, and p12 (12) . The sensitivity of these cells to NK- (4) and under varying biological conditions of age, organ site, genotype distribution, H-2 linkage, and target selectivity (9) . In addition, cell populations enriched or depleted in TBC in velocity sedimentation showed a corresponding increase or decrease in the ability to lyse YAC targets, and the majority of single TBC isolated in droplets or monodispersed in agar killed the target to which they were attached (4) .
In summary, we have described the isolation of target structures for the NK cell. These molecules may be of crucial importance in the natural resistance to tumors and, in addition, may be useful in isolating the NK cell recognition structure. Problems concerning the polyclonality and specificity repertoire of the NK cell are now amenable to investigation.
